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Brain development in infants and children is severely impacted when bonding and attachment interactions with a primary caregiver do not occur. Such neglect includes the failure to provide basic needs, whether it be supervision and care, food, or hygiene (Robinson et al., 2017) . In 2014, 7.1 per thousand children in the United States were victims of neglect (Child Trends, 2016) . The perinatal period of brain development is particularly susceptible to these environmental insults. Neglect during this time can result in immediate abnormalities such as decreased brain electrical activity, decreased brain metabolism, and inadequate formation of reciprocal pathways between brain regions (National Scientific Council on the Developing Child, 2012). In the long-term, perinatal neglect can manifest in heightened fear, stress, depression, addiction, and cognitive defects (Nelson et al., 2011; Cameron et al., 2017) . To mitigate these adverse consequences, it is crucial to ask: what are the chemical and physical substrates in the developing brain impacted by neglect?
Fortunately, this question arises amid a strong foundation of prior research that has examined the brain's susceptibility to environmental insults. The prefrontal cortex (PFC) is particularly susceptible to developmental defects as its maturation period starts perinatally and extends through adolescence. The PFC contains multiple serotonergic receptors, including 5-HT2R. Modulation of serotonin (5-HT) signaling in the perinatal period can lead to abnormal emotional behavior in adult mice (Ansorge et al., 2004) . Separating a dam from her pups serves as a model for replicating maternal absence in rats. A prior study used a wireless technique to record cortical low-field potentials (LFPs) in rat pups and showed that maternal presence was related to an increase in low-frequency neural activity (Sarro et al., 2014) . In their eNeuro publication, Courtiol et al., 2018 , used wireless recording technology to determine whether maternal absence affects PFC activity in rat pups and, if so, whether serotoninergic signaling contributes to this process.
Male rat pups, at postnatal day 9 -12, were implanted with an electrode specifically targeted to the anterior cingulate cortex region of the PFC. The next day, wireless recordings of pup PFC activity were measured while the dam was present (IN) or absent (OUT) from the nest, the latter condition mimicking maternal neglect. These experiments showed that during the IN condition there was an overall tendency for increased PFC activity in pups. This indicates that maternal presence can modulate PFC activity in pups.
Next, the receptor for 5-HT2 (5HT2R) was inhibited by injecting pups with ketanserin. PFC activity was then wirelessly recorded as before during IN and OUT conditions. Ketanserin-treated pups did not exhibit the increase in PFC activity in response to maternal presence that had been previously observed. This finding was confirmed to be a specific effect of ketanserin by examining salineinjected controls and verifying the dams had similar levels of absence/presence compared to the prior experiment. These findings suggest that 5-HT2 signaling plays a significant role in the influence of maternal presence on PFC activity in pups.
Given the observed effects of ketanserin treatment, Courtiol and colleagues assessed how artificially enhancing 5-HT levels would affect PFC activity. Pups were injected with the selective serotonin reuptake inhibitor (SSRI) fluoxetine. To test the specificity of fluoxetine action on serotoninergic transmission, ketanserin was used to inhibit 5HT2Rs. For these experiments, pups were recorded in isolation, in a 500-ml plastic beaker that contained nest bedding. The findings showed that when pups were separated from the dam, serotonergic signaling was sufficient to increase PFC activity in pups and that this effect was mediated through 5HT2Rs.
Taken together, these findings shed light on the effect of serotonin on modulating PFC activity in pups with respect to maternal neglect. These data have the potential to provide insight into pathologic mechanisms, in particular serotonergic signaling defects, that lead to psychiatric illness as a result of neglect during infancy. Professor Teixeira's group (New York University School of Medicine) hopes to inactivate serotonergic pathways for several days during the perinatal period and examine the consequences in adult rats. Hopefully, these analyses would lead to better treatments for individuals that experienced chronic neglect by primary caregivers, such as individuals who were in orphanages as children.
